Abstract. In focused coverage problem, sensors are required to be deployed around a given point of interest (POI) with respect to a priority requirement: an area close to POI has higher priority to be covered than a distant one. A localized sensor self-deployment algorithm, named Greedy-Rotation-Greedy (GRG) [9], has recently been proposed for constructing optimal focused coverage. The previous work assumed obstaclefree environment and focused on theoretical aspects. In this paper, we remove this strong assumption and extend GRG to practical settings. We equip with a novel obstacle "penetration" technique and give it the important obstacle avoidance capability. The new version of GRG is referred to as GRG/OP. Through simulation, we evaluate its performance in comparison with plain GRG.
Introduction
Recently, a new sensor self-deployment problem, focused coverage formation [9] , was brought into attention for dedicated applications. In this problem, mobile sensors are required to surround a given coverage focus, called point of interest (POI), while satisfying a priority requirement: an area close to POI is covered with higher priority than a distant one. Focused coverage is measured by coverage radius, which is defined as the minimum distance from POI to uncovered areas. Optimal focused coverage has maximized radius. Assuming an obstacle-free environment, a localized algorithm Greedy-Rotation-Greedy (GRG) was presented and analyzed in [9] . It is proven that GRG generates optimal hexagonal focused coverage. Under the same set of assumptions, GRG is optimized to produce optimal circular focused coverage in [10] .
In this paper, we extend GRG to a realistic obstacle-prone environment. Inspired by the physical behavior of liquid in a U-tube, we equip GRG with a novel obstacle "penetration" technique without jeopardizing its correctness and localized nature. The resultant version of GRG is referred to as GRG/OP (GRG with Obstacle Penetration). In GRG/OP, sensors around an obstacle simulate a liquid body in a virtual U-tube. They autonomously "flow" to ensure balanced pressure at the tube bottom, i.e., that the top sensors in the two tube arms are at the same deployment layer. A number of rules are designed to handle collision caused by nodal flowing behavior. By GRG/OP, sensors are able to pass around obstacles during self-deployment such that coverage optimality is preserved.
The remainder of this paper is organized as follows: Section 2 reviews previous related work; Section 3 briefly describes GRG; Sections 4 and 5 present the localized obstacle penetration technique and its implementation; Section 6 evaluates GRG/OP through simulation; Section 7 concludes the paper.
Related Work
Previous sensor self-deployment algorithms except GRG [9] were designed for area coverage over a region of interest (ROI) without particular coverage focus. When used for focused coverage formation, they may cause sensors to settle in an arbitrary area in the deployment plan, leading to a coverage radius as bad as 0. In this section, we review some of these relevant work at very short length. An extensive survey can be found in [11] .
In [7] , sensors are placed in ROI incrementally, i.e., one at a time, to increase coverage based on information gathered from previously deployed sensors. In [4, 6, 12, 8, 17] , each sensor node computes movement vectors due to its neighbors using their relative position and move according to the vector summation in rounds to maximize coverage. In [5, 14] , sensors align their sensing ranges with their Voronoi regions in rounds to minimize local uncovered area. In [2], sensors are pushed or pulled to hexagon centers of a hexagonal tiling over ROI. In [3] , sensor deployment is modeled as a minimum cost maximum flow problem from source regions to hole regions in ROI. In [13] , ROI is partitioned into a grid whose vertices are assigned recursively to sensors using a rooted spanning tree. In [15] , the network is assumed dense enough, and sensors are treated as load and balanced among the sub-regions of ROI by multiple rounds of scan.
3 Greedy-Rotation-Greedy in a Nutshell GRG [9] assumes that there is no physical obstacle in the deployment plane, and requires sensors to know their own locations and the location of POI. Sensors have the same sensing radius r s and communication radius r c ≥ √ 3r s . By lowerlayer protocols, they have necessary information such as location and movement status of 1-hop neighbors for making protocol decisions. A virtual equilateral triangle tessellation (TT) G T T of edge length l e = √ 3r s is built in the plane with POI as vertex (see Fig. 2 ). G T T is locally computable to each sensor given a common orientation. Vertices with equal graph distance i to POI form a distancei hexagon H i centered at POI.
GRG translates area coverage problem to vertex coverage problem on G T T . Each sensor first by an alignment rule moves to the closet TT vertex and then acts in the following way: greedily proceed from vertex to vertex toward POI; when blocked, i.e., when greedy next hop is occupied by others, rotate around POI counterclockwise along its residence hexagon to a vertex where greedy advance can resume; if both greedy advance and rotation are blocked, stay put. Greedy advance rules and rotation rules are carefully designed to guarantee progress and termination.
